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Remarks 

Favorable reconsideration of this application, in view of the above amendments and in 
light of the following remarks and discussion, is respectfully requested. 

Claims 2 and 3 are currently pending in the application; Claims 2 and 3 having been 
amended, and Claim 1 and non-elected Claims 4-9 having been canceled without prejudice or 
disclaimer, by way of the present response. 

In the outstanding Office Action, the drawings were objected to; the disclosure was 
objected to; Claims 1-3 were rejected under 35 U.S.C. § 1 12, second paragraph; Claim 1 was 
rejected under 35 U.S.C. § 102(b) as being anticipated by Publication No. SU 1605002 ( the 
'002 Publication) ; Claim 2 was rejected under 35 U.S.C. § 102(b) as being anticipated by 
Japanese Publication No. 10-196303 to Eiichiro ; 1 and Claim 1 was rejected under 35 U.S.C. § 
103(a) as being unpatentable over U.S. Patent No. 5,221,181 to Ferleger et al. (Ferleger) in 
view of the '002 Publication . 

Applicants express thanks for the Examiner's indication that independent Claim 3 
recites allowable subject matter, and that therefore the claim would be allowable if amended 
to overcome the rejection under 35 U.S.C. § 1 12, second paragraph. For the reasons 
discussed in detail below, Applicants respectfully assert that the rejection has been overcome. 
Applicants respectfully assert that the claim has been further amended in a non-narrowing 
manner to remedy potential informalities and to place the claim in better condition for 
allowance. Thus, in accordance with the Examiner's indication of allowable subject matter, 
Applicants respectfully request the allowance of independent Claim 3. 

In the Office Action, the drawings were objected to because Figures 14A, 16, 17, and 
19A were required to be designated by a legend such as "Prior Art." In response, as shown in 



1 Enclosed is a computer English language translation, from the Japanese Patent Office website, of the Japanese 
Publication. 
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the attached replacement sheets, Applicants have so-designated these figures. Thus, 
Applicants respectfully request that this objection to the drawing be withdrawn. 

In the Office Action, the drawings were objected to because in Figure 17, a lead line 
for reference numeral 25 was required. In response, as shown in the attached replacement 
sheets, Applicants have added the required lead line. Thus, Applicants respectfully request 
that this objection to the drawings be withdrawn. 

In the Office Action, the disclosure was objected to because the specification stated 
"chip." In response, as shown in the attached substitute specification, Applicants have 
amended the specification to state "tip" in place of the previous statements of "chip." In 
accordance with 37 C.F.R. § 1.125(b), Applicants respectfully submit herewith a marked-up 
specification. Applicants respectfully assert that the substitute specification includes no new 
matter. Thus, Applicants respectfully request that the objection to the disclosure be 
withdrawn. 

In the Office Action, Claims 1-3 were rejected under 35 U.S.C. § 112, second 
paragraph, because the claims recited "chip" or "chips." In response, Applicants have 
amended the claims in a non-narrowing manner to recite "tip" and "tips" in place of the 
previous recitations of "chip" and chips," respectively, and have canceled Claim 1. Thus, 
Applicants respectfully request that the objection to Claims 2 and 3 be withdrawn, and in 
accordance with the Examiner's indication of allowable subject matter, that independent 
Claim 3 be allowed. 

In the Office Action, Claim 1 was rejected under 35 U.S.C. § 102(b) as being 
anticipated by the c 002 Publication . Claim 2 was rejected under 35 U.S.C. § 102(b) as being 
anticipated by Eiichiro . Claim 1 was rejected under 35 U.S.C. § 103(a) as being unpatentable 
over Ferleger in view of the '002 Publication . Applicants respectfully request that the 
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rejections of Claim 1 be withdrawn in view of the cancellation of the claim, and that the 
rejection of Claim 2 be withdrawn for the following reasons. 

The present invention is directed to a blade structure in a gas turbine. Independent 
Claim 2 recites stationary blades arrayed in a circle on a casing, and moving blades arrayed in 
a circle on a rotor. A clearance is provided between tips of the moving blades and the casing. 
An entrance metal angle at a tip portion of the stationary blade that is the stationary blade at a 
rear stage of the moving blade having the tip clearance is smaller than an entrance metal 
angle at other portions than the tip portion of the stationary blade. 

Regarding the rejection of independent Claim 2, Eiichiro is directed to a high 
performance blade. The Office Action asserts that Figures 1 and 2 of Eiichiro show "an 
entrance metal angle ... at the tip portion of the stationary blade 1 . . . being smaller than an 
entrance metal angle an other positions . . . than the tip portion of the stationary blade, due to 
the blade inlet part 2 being protruded toward the belly side 4 of the blade 1 and formed in a 
curve shape forming a bow shape in a radial direction." 2 Applicants respectfully traverse this 
assertion for the following reasons. 

Specifically, Applicants respectfully assert that the Office Action has not established 
that Eiichiro teaches the claimed features of an entrance metal angle at a tip portion of a 
stationary blade smaller than an entrance metal angle at other portions than the tip portion of 
the stationary blade, as recited in independent Claim 2. Applicants respectfully assert that it 
is mere conjecture that Eiichiro shows such a relationship between entrance metal angles, as 
Eiichiro does not appear to state such a relationship, and does not show relevant portions of 
the blade with enough detail to support such a determination. 

Applicants respectfully assert that Figure 1 of Eiichiro shows, in an aerofoil inlet port 
section 2 of an aerofoil 1, from a tip side to a base side, an amount of protrusion by a side of 



2 Page 6, lines 6-11 of text, of the Office Action. 
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an antinode 4 is enlarged gradually. The aerofoil 1, which is curved in an arc shape, is made 
to project most to the antinode 4 side in a center section in the height of the aerofoil l. 3 
Applicants further respectfully assert that Figure 2 of Eiichiro shows the aerofoil 1 of Figure 
l. 4 Thus, Applicants respectfully assert that Eiichiro does not appear to show or state any 
relationship among entrance metal angles of portions of the aerofoil 1. Therefore, Applicants 
respectfully assert that the Office Action has failed to establish that Eiichiro teaches the 
claimed features recited in independent Claim 2. 

Specifically, independent Claim 2 recites "an entrance metal angle at a tip portion of 
the stationary blade ... is smaller than an entrance metal angle at other portions than the tip 
portion of the stationary blade." Thus, Applicants respectfully request that the rejection of 
independent Claim 2 under 35 U.S.C. § 102(b) be withdrawn. 

Consequently, in view of the present amendment, no further issues are believed to be 
outstanding in the present application, and the present application is believed to be in 
condition for formal Allowance. A Notice of Allowance for Claims 2 and 3 is earnestly 
solicited. 



3 Paragraph [0013] of the English language translation. 

4 Paragraph [0012] of the English language translation. 
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Should the Examiner deem that any further action is necessary to place this 

application in even better form for allowance, the Examiner is encouraged to contact the 

undersigned representative at the below listed telephone number. 



Customer Number 



Respectfully submitted, 



22850 



OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C, 



Tel: (703)413-3000 
Fax: (703)413 -2220 

(OSMMN 08/03) 



Gregory J. Maier f 
Registration No. 25,599 
Attorney of Record 




Philip J. Hoffmann 
Registration No. 46,340 
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BLADE STRUCTURE IN A GAS TURBINE 



FIELD OF THE INVENTION 

This invention relates to a blade structure in a gas 
5 turbine. More particularly, this invention relates to a 
blade structure of a gas turbine with improved turbine 
efficiency by restricting pressure loss to a minimum level . 

BACKGROUND OF THE INVENTION 

10 A gas turbine will be explained with reference to Fig . 

16. In general, a gas turbine is equipped with a plurality 
of stages of stationary blades 2 and 3 arrayed in a circle 
on a casing (a blade circle or a vehicle chamber) 1, and 
a plurality of moving blades 5 arrayed in a circle on a rotor 

15 (a hub of a base) 4. Fig. 16 shows the moving blade 5 at 
a certain stage, the stationary blade 2 at the same stage 
(the inlet side of combustion gas 6) as this moving blade 
5, and the stationary blade 3 at the next stage (the outlet 
side of the combustion gas 6) of this moving blade 5. 

20 When pressure loss is large in the gas turbine , turbine 



efficiency is lowered. Therefore, it is important to 
improve the turbine efficiency by minimizing the pressure 



loss . 

However, as shown in Fig. 16, there is a case where 
25 the moving blade 5 at a certain stage is what is called a 

1 



free-standing moving blade that has a clearance 8 between 
a chip t ip 7 of this moving blade 5 and the casing 1. In 
the case of this free-standing moving blade 5, there is the 
following problem . 

Namely, as shown in Fig. 17, a main flow (shown by 
a solid-line arrow mark in Fig. 17) of combust ion gas 6 flows 
to the next-stage stationary blade 3 side by passing through 
between the moving blade 5 and the moving blade 5. In the 
mean time, in the clearance 8 between the ohip tip 7 of the 
moving blade 5 and the casing 1, there is generated a leakage 
flow 9 (shown by a broken-line arrow mark in Fig. 17) that 
is separate from the main flow of the combustion gas 6. 

A mechanism of generating the leakage flow 9 is that 
as the pressure at a belly surface 10 side of the moving 
blade 5 is higher than the pressure at a rear surface 11 
side of the moving blade 5, the leakage flow 9 is generated 
from the belly surface 10 side to the rear surface 11 side 
based on a difference between these pressures. 

As shown in Fig. 17, the leakage flow 9 flows at an 
incidence angle ic to the rear surface 13 side at a front 
edge 12 of the chip t ip of the stationary blade 3 at the next 
stage. This leakage flow 9 becomes a flow opposite to the 
main flow of the combustion gas 6 that flows to. the belly 
surface 14 side of the stationary blade 3. 

Therefore, a vortex flow 15 (shown by a solid-line 



spiral arrow mark in Fig . 17) is generated at the belly surf ace 
14 side of the front edge 12 of the chip t ip of the stationary 
blade 3 . When this vortex flow 15 is generated, pressure 
loss occurs. The main flow of the combustion gas 6 may 
deviate from the belly surface 14 side of the stationary 
blade3. InFig. 17, a reference symbol pc denotes an entrance 
metal angle at the chip t ip portion of the stationary blade 

3. Similarly, a reference symbol 6c denotes a front-edge 
including angle at the chip t ip portion of the stationary 
blade 3 . Similarly, a reference number 22 denotes a camber 
line for connecting between the front edge 12 of the chip t ip 
portion of the stationary blade 3 and a rear edge 23 of the 
chip t ip portion. 

The incidence angle ic of the leakage flow 9 and the 
pressure loss have a relative relationship as shown by a 
solid-line curve in Fig. 18. The solid-line curve in Fig. 

18 shows a case of the front-edge including angle 0c at the 
chip t ip portion of the stationary blade 3 shown in Fig. 17 . 

In this case, the front-edge including angle 0c at 
the chip t ip portion of the stationary blade 3 has been set 
such that the pressure loss becomes minimum (refer to a point 
PI in Fig. 18) . However, as described above, the leakage 
flow 9 is generated, and the pressure loss also becomes large 
when the incidence angle ic of this leakage flow 9 is large 
(refer to a point P2 in Fig. 18) . When this pressure loss 



is large, the turbine efficiency is lowered by that amount. 

Further, as shown in Fig. 16, seal-air 16 (shown by 
a two-dot chained line arrow mark in Fig. 16) flows from 
the rotor 4 side at the upstream of the moving blade 5 at 
5 a certain stage. When this seal-air 16 is flowing, there 
is the following problem. 

Namely, the seal-air 16 simply flows out straight in 
a direction of the height (a radial direction of the turbine) 
of the moving blade 5 without being squeezed by a nozzle 

10 or the like. On the other hand , the moving blade 5 is rotating 
in a direction of an outline arrow mark together with the 
rotor 4 . Therefore, from the relative relationship between 
the flow-out of the seal-air 16 and the rotation of the moving 
blade 5, the seal-air 16 flows at the incidence angle is 

15 to the rear-surface side 11 at the front edge 17 of the hub 
portion of the moving blade 5, as shown in Fig. 17. 

As explained above, when the incidence angle is of 
the seal -air 16 becomes large at the front edge 17 of the 
hub portion of the moving blade 5 as well, the pressure loss 

20 becomes large and the turbine efficiency is lowered by that 
amount as shown in Fig. 17 and Fig. 18, in a similar manner 
to that at the front edge 12 of the ohip t ip portion of the 
stationary blade 3 . 

This problem of the hub portion of the moving blade 

25 5 also applies to a shrouded moving blade in addition to 



the above-described free-standing moving blade. In Fig. 
17, a reference symbol 0s denotes an entrance metal angle 
at the hub portion of the moving blade 5. Similarly, a 
reference symbol 0s denotes a front-edge including angle 
at the hub portion of the moving blade 5. Similarly, a 
reference number 24 denotes a camber line for connecting 
between the front edge 17 of the hub portion of the moving 
blade 5 and a rear edge 25 of the hub portion. 

Further, when the moving blade 5 at a certain stage 
is a free-standing moving blade, there is the following 
problem. 

Namely, as shown in Fig. 17, the leakage flow 9 is 
generated from the belly surface 10 side of the moving blade 
5 to the rear surface 11 side, at the clearance 8 between 
the chip t ip 7 of the free-standing moving blade 5 and the 
casing 1 . 

Then, as shown in Fig. 19B, a design Mach number 
distribution shown by a solid-line curve becomes an actual 
Mach number distribution as shown by a broken-line curve. 
As a result, on the rear surface 11 of the chip t ip portion 
18 of the moving blade 5, deceleration from an intermediate 
portion to a rear edge 19 is larger in actual Mach distribution 
G2 than in design Mach distribution Gl . 

When the deceleration is large, as shown in Fig. 19A, 
a boundary layer (a portion provided with shaded lines) 20 



at a portion from the intermediate portion to the rear edge 
19 swells on the rear surface 11 of the ohip t ip portion 18 
of the moving blade 5 . As a result , the pressure loss becomes 
large , and the turbine efficiency is lowered by that amount . 
A reference number 21 in Fig. 19 denotes a front edge of 
the chip t ip portion 18 of the moving blade 5. 

SUMMARY OF THE INVENTION 

It is an object of this invention to provide a blade 
structure in a gas turbine capable of improving the turbine 
efficiency by minimizing the pressure loss. 

In the blade structure in a gas turbine according to 
one aspect of this invention, a front-edge including angle 
at a chip t ip portion of the stationary blade that is the 
stationary blade at the rear stage of the moving blade having 
the chip t ip clearance is larger than a front-edge including 
angle at other portions than the chip t ip portion of the 
stationary blade. 

According to the above-mentioned aspect, a curve of 
a relative relationship between the incidence angle and the 
pressure loss becomes mild by making the front - edge including 
angle large. It is possible to reduce the pressure loss 
by that amount , and therefore , it becomes possible to improve 
the turbine efficiency. 

In the blade structure in a gas turbine according to 



another aspect of this invention, an entrance metal angle 
at a chip t ip portion of the stationary blade that is the 
stationary blade at the rear stage of the moving blade having 
the chip t ip clearance is made smaller than an entrance metal 
angle at other portions than the chip t ip portion of the 
stationary blade . 

According to the above-mentioned aspect, it is 
possible to make the incidence angle small by making the 
entrance metal angle small. It is possible to reduce the 
pressure loss by that amount, and therefore, it becomes 
possible to improve the turbine efficiency . 

In the blade structure in a gas turbine according to 
still another aspect of this invention, a front-edge 
including angle at a chip t ip portion of the stationary blade 
that is the stationary blade at the rear stage of the moving 
blade having the chip t ip clearance is made larger than a 
front-edge including angle at other portions thanthe chip tip 
portion of the stationary blade, and also an entrance metal 
angle at a chip tip portion of the stationary blade is made 
smaller than an entrance metal angle at other portions than 
the chip tip portion of the stationary blade. 

According to the above-mentioned aspect, a curve of 
a relative relationship between the incidence angle and the 
pressure loss becomes mild by making the front -edge including 
angle large. It is possible to reduce the pressure loss 



by that amount , and therefore, it becomes possible to improve 
the turbine efficiency. Moreover, it is possible to make 
the incidence angle small by making the entrance metal angle 
small. Also, it is possible to reduce the pressure loss 
5 by that amount , and therefore , it becomes possible to improve 
the turbine efficiency. Moreover, it is possible to make 
the pressure loss much smaller based on a synergy effect 
of the work that a curve of a relative relationship between 
the incidence angle and the pressure loss becomes mild and 

10 the work that the incidence angle can be made small. 

In the blade structure in a gas turbine according to 
still another aspect of this invention, a front-edge 
including angle at a hub portion of the stationary blade 
is made larger than a front-edge including angle at other 

15 portions than the hub portion of the moving blade. 

According to the above-mentioned aspect, a curve of 
a relative relationship between the incidence angle and the 
pressure loss becomes mild by making the front - edge including 
angle large. It is possible to reduce the pressure loss 

20 by that amount , and therefore , it becomes possible to improve 
the turbine efficiency . 

In the blade structure in a gas turbine according to 
still another aspect of this invention, an entrance metal 
angle at a hub portion of the stationary blade is made smaller 

25 than an entrance metal angle at other portions than the hub 



portion of the moving blade . 

According to the above-mentioned aspect, it is 
possible to make the incidence angle small by making the 
entrance metal angle small. It is possible to reduce the 
5 pressure loss by that amount, and therefore, it becomes 
possible to improve the turbine efficiency. 

In the blade structure in a gas turbine according to 
still another aspect of this invention, a front-edge 
including angle at a hub portion of the stationary blade 

10 is made larger than a front-edge including angle at other 
portions than the hub portion of the moving blade, and also 
an entrance metal angle at a hub portion of the stationary 
blade is made smaller than an entrance metal angle at other 
portions than the hub portion of the moving blade. 

15 According to the above-mentioned aspect, a curve of 

a relative relationship between the incidence angle and the 
pressure loss becomes mild by making the front - edge including 
angle large. It is possible to reduce the pressure loss 
by that amount , and therefore , it becomes possible to improve 

20 the turbine efficiency. Moreover, it is possible to make 
the incidence angle small by making the entrance metal angle 
small. It is possible to reduce the pressure loss by that 
amount, and therefore, it becomes possible to improve the 
turbine efficiency. Furthermore, it is possible to make 

25 the pressure loss much smaller based on a synergy effect 



of the work that a curve of a relative relationship between 
the incidence angle and the pressure loss becomes mild and 
the work that the incidence angle can be made small. 

In the blade structure in a gas turbine according to 
still another aspect of this invention, a chord length at 
a chip t ip portion of the moving blade having the chip t ip 
clearance is made larger than a minimum chord length at other 
portions than the chip t ip portion of the moving blade. 

According to the above-mentioned aspect, it is 
possible to make small the deceleration from the intermediate 
portion to the rear edge on the rear surface of the chip t ip 
portion of the moving blade by making the chord length of 
the moving blade large. Then, it is possible to minimize 
the swelling of the boundary layer . As a result , it is 
possible to make the pressure loss small, and it becomes 
possible to improve the turbine efficiency by that amount. 

Other objects and features of this invention will 
become apparent from the following description with 
reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an explanatory diagram of a cross section 
of a chip t ip portion of a stationary blade showing a first 
embodiment of a blade structure in a gas turbine according 
to this invention . 



Fig. 2 is an explanatory diagram of a cross section 
of a chip t ip portion of a stationary blade showing a second 
embodiment of a blade structure in a gas turbine according 
to this invention. 

Fig. 3 is an explanatory diagram of a cross section 
of a chip t ip portion of a stationary blade showing a third 
embodiment of a blade structure in a gas turbine according 
to this invention. 

Fig. 4 is a perspective view of the stationary blade 
of the same. 

Fig. 5 is an explanatory diagram of a cross section 
of a hub portion of a moving blade showing a fourth embodiment 
of a blade structure in a gas turbine according to this 
invention . 

Fig. 6 is an explanatory diagram of a cross section 
of a hub portion of a moving blade showing a fifth embodiment 
of a blade structure in a gas turbine according to this 
invention . 

Fig. 7 is an explanatory diagram of a cross section 
of a hub portion of a moving blade showing a sixth embodiment 
of a blade structure in a gas turbine according to this 
invention . 

Fig. 8 is a perspective view of the moving blade of 
the same. 

Fig. 9 is an explanatory diagram of a cross section 



of a stacking shape of a moving blade showing a seventh 
embodiment of a blade structure in a gas turbine according 
to this invention. 

Fig. 10 is a diagram of Fig. 9 viewed from a direction 

5 of X. 

Fig. 11 is a diagram of Fig. 9 viewed from a direction 

of XI . 

Fig. 12A is an explanatory diagram of a cross section 
of a hub portion of a moving blade showing a chord length, 

10 Fig. 12B is an explanatory diagram of a Mach number 
distribution according the moving blade shown in Fig. 12A. 

Fig. 13 is an explanatory diagram showing a 
modification of the seventh embodiment of a blade structure 
in a gas turbine according to this invention. 

15 Fig. 14A is an explanatory diagram of a cross section 

of a moving blade and a stationary blade showing a 
conventional blade structure, and Fig. 14B is an explanatory 
diagram of a cross section of a moving blade and a stationary 
blade showing a modification of the seventh embodiment of 

20 a blade structure in a gas turbine according to this 
invention . 

Fig. 15A is an explanatory diagram of a cooling moving 
blade showing a modification of the seventh embodiment of 
a blade structure in a gas turbine according to this invention, 
25 and Fig. 15B is an explanatory diagram of a moving blade 



having a taper according to the same. 

Fig. 16 is an explanatory diagram of a moving blade 
and a stationary blade showing a conventional blade 
structure . 

5 Fig. 17 is an explanatory diagram of a cross section 

of a moving blade and a stationary blade showing a 
conventional blade structure. 

Fig. 18 is an explanatory diagram showing a relative 
relationship between an incidence angle and a pressure loss . 
10 Fig. 19A is an explanatory diagram of a cross section 

of a hub portion of a moving blade showing a conventional 
blade structure, and Fig. 19B is an explanatory diagram of 
a Mach number distribution according to the moving blade 
shown in Fig . 19A. 

15 

DETAILED DESCRIPTION 

Embodiments of a blade structure in a gas turbine 
relating to this invention will be explained below with 
reference to the accompanying drawings. It should be noted 

20 that the blade structure in the gas turbine is not limited 
to these embodiments. 

Fig. 1 is an explanatory diagram showing a first 
embodiment of a blade structure in a gas turbine relating 
to this invention. In the drawing, reference numbers that 

25 are the same as those in Fig. 16 to Fig. 19 show the identical 



portions . 

A blade structure in a first embodiment relates to 
a stationary blade 3 at the rear stage of a moving blade 
having a chip t ip clearance. A front-edge including angle 
9cl at a front edge of a chip t ip portion (a cross section 
of a chip t ip ) of the stationary blade 3 is made larger than 
a front -edge including angle of portions (a cross section 
of a hub portion to a mean portion) other than the chip t ip 
portion of this stationary blade 3. For example, this is 
made larger than about 5°. 

According to the blade structure of this first 
embodiment , the front -edge including angle Gel is taken large 
at the chip t ip portion of the stationary blade 3 at the rear 
stage of the moving blade having the chip t ip clearance . With 
this arrangement , a curve of a relative relat ionship between 
the incidence angle and the pressure loss becomes mild as 
shown by a broken-line curve in Fig. 18. As a result, it 
is possible to make the pressure loss small as shown by a 
point P3 in Fig. 18. Therefore, it becomes possible to 
improve the turbine efficiency. 

Fig. 2 is an explanatory diagram showing a second 
embodiment of a blade structure in a gas turbine relating 
to this invention. In the drawing, reference numbers that 
are the same as those in Fig. 1 and Fig. 16 to Fig. 19 show 
the identical portions. 



A blade structure in a second embodiment relates to 
a stationary blade 3 at the rear stage of a moving blade 
having a chip t ip clearance. An entrance metal angle Pel 
of a chip t ip portion (a cross section of a chip t ip ) of this 
stationary blade 3 is made smaller than an entrance metal 
angle of portions (a cross section of a hub portion to a 
mean portion) other than the chip t ip portion of this 
stationary blade 3 . In other words , the entrance metal angle 
pel of the cross section of the chip t ip portion of the 
stationary blade 3 is directed toward a rear surface 13 side 
by about 10°, for example, as compared with the entrance 
metal angle of the cross section of the hub portion to the 
mean portion. 

According to the blade structure of this second 
embodiment, the entrance metal angle Pel is taken small at 
the chip t ip portion of the stationary blade 3 at the rear 
stage of the moving blade having the chip tip clearance . With 
this arrangement, it is possible to make an incidence angle 
icl small as shown by a point P4 in Fig. 18. As a result, 
it is possible to make the pressure loss small . Therefore, 
it becomes possible to improve the turbine efficiency. 

Fig. 3 and Fig. 4 are explanatory diagrams showing 
a third embodiment of a blade structure in a gas turbine 
relating to this invention. In the drawings, reference 
numbers that are the same as those in Fig. 1, Fig. 2 and 



Fig. 16 to Fig. 19 show the identical portions. 

A blade structure in a third embodiment relates to 
a stationary blade 3 at the rear stage of a moving blade 
having a chip t ip clearance. A front -edge including angle 
Gel at a front edge of a chip t ip portion (a cross section 
of a chip t ip ) of the stationary blade 3 is made larger than 
a front-edge including angle of portions (a cross section 
of a hub portion to a mean portion) other than the chip t ip 
portion of this stationary blade 3. For example, this is 
made larger than about 5° . 

Further, an entrance metal angle Pel of a chip t ip 
portion (a cross section of a chip t ip ) of this stationary 
blade 3 is made smaller than an entrance metal angle of 
portions (a cross section of a hub portion to a mean portion) 
other than the chip t ip portion of this stationary blade 3. 
In other words, the entrance metal angle Pel of the cross 
section of the chip t ip portion of the stationary blade 3 
is directed toward a rear surface 13 side by about 10°, for 
example, as compared with the entrance metal angle of the 
cross section of the hub portion to the mean portion. 

According to the blade structure of this third 
embodiment , the front - edge including angle 0cl is taken large 
at the chip t ip portion of the stationary blade 3 at the rear 
stage of the moving blade having the chip t ip clearance . With 
this arrangement , a curve of a relative relationship between 



the incidence angle and the pressure loss becomes mild as 
shown by the broken- line curve in Fig. 18. As a result, 
it is possible to make the pressure loss small as shown by 
the point P3 in Fig. 18. Therefore, it becomes possible 
5 to improve the turbine efficiency . 

Further, according to the blade structure of this third 
embodiment, the entrance metal angle Pel is taken small at 
the chip t ip portion of the stationary blade 3 at the rear 
stage of the moving blade having the chip t ip clearance . With 

10 this arrangement, it is possible to make an incidence angle 
icl small as shown by the point P4 in Fig. 18. As a result, 
it is possible to make the pressure loss small. Therefore, 
it becomes possible to improve the turbine efficiency. 

Particularly, according to the blade structure of this 

15 third embodiment, it is possible to make the pressure loss 
much smaller, based on a synergy effect of the work that 
a curve of a relative relationship between the incidence 
angle and the pressure loss becomes mild as shown by the 
broken-line curve in Fig. 18 and the work that the incidence 

20 angle icl can be made small as shown by a point P5 in Fig. 
18. As a result, it becomes possible to improve the turbine 
efficiency . 

Fig. 5 is an explanatory diagram showing a first 
embodiment of a blade structure in a gas turbine relating 
25 to this invention. In the drawing, reference numbers that 



are the same as those in Fig. 1 to Fig. 4 and Fig. 16 to 
Fig. 19 show the identical portions. 

A blade structure in a fourth embodiment relates to 
a moving blade 5 like a free-standing moving blade and a 
5 shrouded moving blade. A front-edge including angle Gsl 
at a hub portion (a cross section of a hub portion) of this 
moving blade 5 is made larger than a front-edge including 
angle of portions (a cross section of a chip t ip portion to 
a mean portion) other than the hub portion of this moving 

10 blade 5. For example, this is made larger than about 5°. 

According to the blade structure of this fourth 
embodiment , the front - edge including angle Gsl is taken large 
at the hub portion of this moving blade 5. With this 
arrangement, a curve of a relative relationship between the 

15 incidence angle and the pressure loss becomes mild as shown 
by the broken-line curve in Fig. 18. As a result, it is 
possible to make the pressure loss small as shown by the 
point P3 in Fig. 18. Therefore, it becomes possible to 
improve the turbine efficiency. 

20 Fig. 6 is an explanatory diagram showing a fifth 

embodiment of a blade structure in a gas turbine relating 
to this invention. In the drawing, reference numbers that 
are the same as those in Fig. 1 to Fig. 5 and Fig. 16 to 
Fig. 19 show the identical portions. 

25 A blade structure in a fifth embodiment relates to 



a moving blade 5 like a free-standing moving blade and a 

shrouded moving blade. An entrance metal angle Psl of a 
hub portion (a cross section of a hub portion) of this moving 
blade 5 is made smaller than an entrance metal angle of 
portions (a cross section of a chip t ip portion to a mean 
portion) other than the hub portion of this moving blade 
5 . In other words , the entrance metal angle Psl of the cross 
section of the hub portion of the moving blade 5 is directed 
toward a rear surface 11 side by about 10°, for example, 
as compared with the entrance metal angle of the cross section 
of the chip t ip portion to the mean portion. 

According to the blade structure of this fifth 
embodiment, the entrance metal angle Psl is taken small at 
the hub portion of the moving blade 5 . With this arrangement , 
it is possible to make an incidence angle isl small as shown 
by the point P4 in Fig. 18. As a result, it is possible 
to make the pressure loss small. Therefore, it becomes 
possible to improve the turbine efficiency. 

Fig. 7 and Fig. 8 are explanatory diagrams showing 
a sixth embodiment of a blade structure in a gas turbine 
relating to this invention. In the drawings, reference 
numbers that are the same as those in Fig. 1 to Fig. 6 and 
Fig. 16 to Fig. 19 show the identical portions. 

A blade structure in a sixth embodiment relates to 
a moving blade 5 like a free-standing moving blade and a 



shrouded moving blade. A front-edge including angle 0sl 
at a hub portion (a cross section of a hub portion) of this 
moving blade 5 is made larger than a front -edge including 
angle of portions (a cross section of a chip t ip portion to 
a mean portion) other than the hub portion of this moving 
blade 5. For example, this is made larger than about 5°. 

Further, an entrance metal angle psl of a hub portion 
(a cross section of a hub portion) of this moving blade 5 
is made smaller than an entrance metal angle of portions 
(a cross section of a chip t ip portion to a mean portion) 
other than the hub portion of this moving blade 5 . In other 
words, the entrance metal angle Psl of the cross section 
of the hub portion of the moving blade 5 is directed toward 
a rear surface 11 side by about 10° , for example, as compared 
with the entrance metal angle of the cross section of the 
chip t ip portion to the mean portion. 

According to the blade structure of this sixth 
embodiment , the front - edge including angle 0s 1 is taken large 
at the hub portion of this moving blade 5. With this 
arrangement, a curve of a relative relationship between the 
incidence angle and the pressure loss becomes mild as shown 
by the broken-line curve in Fig. 18. As a result, it is 
possible to make the pressure loss small as shown by the 
point P3 in Fig. 18. Therefore, it becomes possible to 
improve the turbine efficiency . 



Further, according to the blade structure of this sixth 

embodiment, the entrance metal angle psl is taken small at 
the hub portion of the moving blade 5 . With this arrangement , 
it is possible to make an incidence angle isl small as shown 
by the point P4 in Fig. 18. As a result, it is possible 
to make the pressure loss small. Therefore, it becomes 
possible to improve the turbine efficiency. 

Particularly, according to the blade structure of this 
sixth embodiment, it is possible to make the pressure loss 
much smaller, based on a synergy effect of the work that 
a curve of a relative relationship between the incidence 
angle and the pressure loss becomes mild as shown by the 
broken-line curve in Fig. 18 and the work that the incidence 
angle isl can be made small as shown by the point P5 in Fig. 
18 . As a result, it becomes possible to improve the turbine 
efficiency . 

Fig. 9 and Fig. 12 are explanatory diagrams showing 
a seventh embodiment of a blade structure in a gas turbine 
relating to this invention. In the drawings, reference 
numbers that are the same as those in Fig. 1 to Fig. 8 and 
Fig. 16 to Fig. 19 show the identical portions. 

A blade structure in a seventh embodiment relates to 
a moving blade 5 like a free-standing moving blade and a 
shrouded moving blade . A chord length 2 6 at a chip t ip port ion 
18 (a cross section of the chip t ip portion 18 ) of this moving 



blade 5 is made larger than a minimum chord length at other 
portions (a cross section of a hub portion to a mean section) 
than the chip t ip portion of the moving blade 5. In other 
words , the chord length 2 6 of the cross section of the chip t ip 
portion 18 is made equal to or larger than the chord length 
of the mean cross section (a ratio of pitch to chord is set 
larger than a conventional ratio) . 

Fig. 9 is an explanatory diagram of a cross section 
showing a stacking shape of the moving blade 5. In Fig. 
9 to Fig. 11, a stacking shape shown by a reference number 
50 and a solid line show a chip . t ip . A stacking shape shown 
by a reference number 51 and a one-dot chained line show 
a chip t ip at a position of about 75% of the height from a 
hub. Further, a stacking shape shown by a reference number 
52 and a two-dot chained line show a mean. Further, a 
stacking shape shown by a reference number 53 and a three-dot 
chained line show a chip t ip at a position of about 25% of 
the height from the hub. Last, a stacking shape shown by 
a reference number 54 and a broken line show the hub. 

According to the blade structure of this sixth 
embodiment, it is possible to make small the deceleration 
from an intermediate portion to a rear edge 19 on a rear 
surface 11 of a chip t ip portion 18 of a moving blade 5, as 
shown by G4 in Fig. 12B, by making large a chord length 26 
of the chip tip portion 18 of the moving blade 5. 



Namely, in Mach number distributions in Fig. 12B and 
Fig. 19B, an area of a portion encircled by a solid-line 
curve (an area of a portion provided with shaded lines, and 
a pressure difference) S is constant. In this case, when 
the chord length 2 6 of the ohip t ip portion 18 of the moving 
blade 5 is made large, the area S of the Mach number 
distribution changes from a vertically-long shape shown in 
Fig. 19B to a lateral ly- long shape shown in Fig. 12B. As 
a result, the deceleration changes from G2 shown in Fig. 
19B to small G4 shown in Fig . 12B . Consequently, it is 
possible to restrict the swelling of the boundary layer. 
Therefore, it is possible to make the pressure loss small, 
and it becomes possible to improve the turbine efficiency 
by that amount . 

Fig. 13 to Fig. 15 show modifications of a blade 
structure in a gas turbine relating to this invention. In 
these drawings, reference numbers that are the same as those 
in Fig. 1 to Fig. 12 and Fig. 16 to Fig. 19 show the identical 
portions . 

First, a modification shown in Fig . 13 is a modification 
of the seventh embodiment. Chip Tip portions of stationary 
blades 2 and 3 are provided with escape sections 2 7 for 
avoiding an interference with a chip t ip portion 18 of a moving 
blade 5 . 

According to this seventh embodiment , there is no room 



for mutual interference between the chip t ip portion 18 of 
the moving blade 5 and the chip tip portions of the stationary- 
blades 2 and 3 adjacent to each other, even when the chord 
length 26 of the chip tip portion 18 of the moving blade 5 
is made large. A two-dot chained line in Fig. 13 shows a 
conventional blade structure. 

Next, a modification shown in Fig . 14B is a modification 
of the seventh embodiment. As an escape section of the 
ch i p tip portion of the stationary blade 3 , the entrance metal 
angle Pel of the chip tip portion of the stationary blade 
3 is made smaller than the entrance metal angle of portions 
(the hub portion to the mean portion) other than the chip tip 
portion of the stationary blade 3 . In other words, as shown 
in Fig. 2, Fig. 3 and Fig. 4, the entrance metal angle pel 
of the chip tip portion of the stationary blade 3 is directed 
toward the rear surface 13 side of the stationary blade 3. 
It is also possible to have a similar structure for the 
stationary blade 2 at the same stage as that of the moving 
blade 5 . 

According to the modification shown in this Fig. 14B, 
as the entrance metal angle pel of the chip tip portion of 
the stationary blade 3 is directed toward the rear surface 
13 side of the stationary blade 3, it is possible to have 
a width Wl in an axial direction of the stationary blade 
3 smaller than a width W2 of a conventional moving blade 



shown in Fig. 14A. As a result, even when a width W3 in 
the axial direction of the moving blade 5 is made larger 
than a conventional width W4 by increasing the chord length 
26 of the chip t ip portion 18 of the moving blade 5, a width 
W5 from the moving blade 5 to the stationary blade 3 makes 
little change from a conventional width W6 . Therefore, 
there is no room for mutual interference between the chip t ip 
portion 18 of the moving blade 5 and the chip t ip portion 
of the stationary blade 3 adjacent to each other, even when 
the chord length 26 of the chip tip portion 18 of the moving 
blade 5 is made large. 

Further, according to the modification shown in this 
Fig. 14B, as the entrance metal angle Pel of the. chip tip 
portion of the stationary blade 3 is smaller than the entrance 
metal angle of the hub portion to the mean portion other 
than the chip tip portion of the stationary blade 3 , it becomes 
possible to make the incidence angle icl small as shown by 
the point P4 in Fig . 18 . As it is possible to make the pressure 
loss smaller by that amount, it becomes possible to improve 
the turbine efficiency. 

Then, the blade structure relating to this invention 
can also be applied to a cooling moving blade 29 having a 
hollow portion 2 8 at the chip tip portion 18, as shown in 
Fig. 15A. Further, it is also possible to apply the blade 
structure relating to this invention to a moving blade 31 



of which chip t ip portion 18 has a taper 30 along the taper 
of the casing 1, as shown in Fig. 15B. 

As is clear from the above, according to the blade 
structure in a gas turbine relating to one aspect of this 
invention, a front-edge including angle is taken large, at 
a chip t ip portion of a stationary blade at a rear stage of 
a moving blade having a chip t ip clearance. Therefore, a 
curve of a relative relationship between the incidence angle 
and the pressure loss becomes mild. As it is possible to 
reduce the pressure loss by that amount, it becomes possible 
to improve the turbine efficiency. 

According to the blade structure in a gas turbine 
relating to another aspect of this invention, it is possible 
to make an incidence angle small by making an entrance metal 
angle small, at a chip t ip portion of a stationary blade at 
a rear stage of a moving blade having a clearance. As it 
is possible to reduce the pressure loss by that amount, it 
becomes possible to improve the turbine efficiency. 

According to the blade structure in a gas turbine 
relating to still another aspect of this invention, a 
front -edge including angle is taken large at a chip t ip 
portion of a stationary blade, at a rear stage of a moving 
blade having a chip t ip clearance. Therefore, a curve of 
a relative relationship between an incidence angle and a 
pressure loss becomes mild. As it is possible to reduce 



the pressure loss by that amount, it becomes possible to 
improve the turbine efficiency . 

According to the blade structure in a gas turbine 
relating to still another aspect of this invention, it is 
5 possible to make an incidence angle small by making an 
entrance metal angle small, at a chip t ip portion of a 
stationary blade at a rear stage of a moving blade having 
a clearance. As it is possible to reduce the pressure loss 
by that amount, it becomes possible to improve the turbine 

10 efficiency. 

According to the blade structure in a gas turbine 
relating to still another aspect of this invention, it is 
possible to make the pressure loss much smaller based on 
a synergy effect of the work that a curve of a relative 

15 relationship between an incidence angle and a pressure loss 
becomes mild and the work that the incidence angle can be 
made small. As a result, it becomes possible to improve 
the turbine efficiency . 

According to the blade structure in a gas turbine 

20 relating to still another aspect of this invention, a curve 
of a relative relationship between an incidence angle and 
a pressure loss becomes mild by making a front -edge including 
angle large at a hub portion of a moving blade. As it is 
possible to reduce the pressure loss by that amount, it 

25 becomes possible to improve the turbine efficiency. 



According to the blade structure in a gas turbine 
relating to still another aspect of this invention, it is 
possible to make an incidence angle small by making an 
entrance metal angle small at a hub portion of a moving blade . 
5 As it is possible to reduce the pressure loss by that amount, 
it becomes possible to improve the turbine efficiency. 

According to the blade structure in a gas turbine 
relating to still another aspect of this invention, a curve 
of a relative relationship between an incidence angle and 

10 a pressure loss becomes mild by making a front - edge including 
angle large at a hub portion of a moving blade. As it is 
possible to reduce the pressure loss by that amount, it 
becomes possible to improve the turbine efficiency. 

According to the blade structure in a gas turbine 

15 relating to still another aspect of this invention, it is 
possible to make an incidence angle small by making an 
entrance metal angle small at a hub portion of a moving blade . 
As it is possible to reduce the pressure loss by that amount, 
it becomes possible to improve the turbine efficiency. 

20 According to the blade structure in a gas turbine 

relating to still another aspect of this invention, it is 
possible to make the pressure loss much smaller based on 
a synergy effect of the work that a curve of a relative 
relationship between an incidence angle and a pressure loss 

25 becomes mild and the work that the incidence angle can be 



made small. As a result, it becomes possible to improve 
the turbine efficiency . 

According to the blade structure in a gas turbine 
relating to still another aspect of this invention, it is 
possible to make small the deceleration from an intermediate 
portion to a rear edge on a rear surface of a chip t ip portion 
of a moving blade by making a chord length of the moving 
blade large. Then, it is possible to minimize the swelling 
of the boundary layer. As a result, it is possible to make 
the pressure loss small, and it becomes possible to improve 
the turbine efficiency by that amount . 

Furthermore, a chip t ip portion of a stationary blade 
is provided with an escape section for avoiding an 
interference with a chip t ip portion of a moving blade. As 
a result, there is no room for mutual interference between 
a chip t ip portion of the moving blade and chip t ip portions 
of stationary blades adjacent to each other, even when a 
chord length of the chip tip portion of the moving blade is 
made large. 

Moreover, as an entrance metal angle at a chip tip 
portion of a stationary blade is directed toward the rear 
surface side of the stationary blade, there is no room for 
mutual interference between a chip tip portion of a moving 
blade and chip tip portions of stationary blades adjacent 
to each other, even when the chord length of the chip tip 
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portion of the moving blade is made large. 

Furthermore, as an entrance metal angle at a chip t ip 
portion of a stationary blade is smaller than an entrance 
metal angle at other portions than the chip t ip portion of 
5 the stationary blade, it is possible to make an incidence 
angle small. As it is possible to reduce the pressure loss 
by that amount, it becomes possible to improve the turbine 
efficiency . 

Although the invention has been described with respect 
10 to a specific embodiment for a complete and clear disclosure , 
the appended claims are not to be thus limited but are to 
be construed as embodying all modifications and alternative 
constructions that may occur to one skilled in the art which 
fairly fall within the basic teaching herein set forth. 
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ABSTRACT OF THE DISCLOSURE 

In the blade structure in a gas turbine, front-edge 
including angles are made large. As a result, a curve of 
a relative relationship between incidence angles icl and 
isl and pressure loss becomes mild. Entrance metal angles 
are made small. As a result, it becomes possible to make 
the incidence angles small. Chord length of a chip t ip 
portion of a moving blade is made large. As a result, it 
becomes possible to make small the deceleration on a rear 
surface of the chip t ip portion of the moving blade. 
Accordingly, it becomes possible to make the pressure loss 
small, and therefore, it becomes possible to improve the 
turbine efficiency . 



